Saccade curvature represents a sensitive measure of oculomotor inhibition with saccades curving away from covertly attended locations. Here we investigated whether and how saccade curvature depends on movement preparation time when a perceptual task is performed during or before saccade preparation. Participants performed a dual-task including a visual discrimination task at a cued location and a saccade task to the same location (congruent) or to a different location (incongruent). Additionally, we varied saccade preparation time (time between saccade cue and Go-signal) and the occurrence of the discrimination task (during saccade preparation = simultaneous vs. before saccade preparation = sequential). We found deteriorated perceptual performance in incongruent trials during simultaneous task performance while perceptual performance was unaffected during sequential task performance. Saccade accuracy and precision were deteriorated in incongruent trials during simultaneous and, to a lesser extent, also during sequential task performance. Saccades consistently curved away from covertly attended non-saccade locations. Saccade curvature was unaffected by movement preparation time during simultaneous task performance but decreased and finally vanished with increasing movement preparation time during sequential task performance. Our results indicate that the competing saccade plan to the covertly attended non-saccade location is maintained during simultaneous task performance until the perceptual task is solved while in the sequential condition, in which the discrimination task is solved prior to the saccade task, oculomotor inhibition decays gradually with movement preparation time.
Introduction
Selection-for-perception and selection-for-action are supposed to share a common attentional mechanism (Deubel & Schneider, 1996 , 2003 Schneider, 1995) . One classical paradigm to investigate these coupled processes is the dual-task paradigm where participants have to discriminate a briefly presented visual target during the preparation of a saccade (Deubel & Schneider, 1996) . The locations of the cued discrimination and the saccade target can either coincide at the same location (congruent trials) or appear at spatially separated locations (incongruent trials). Improved perceptual performance has consistently been found at saccade target locations during movement preparation arguing for a pre-saccadic shift of attention to saccade target locations shortly before saccade onset (Born, Ansorge, & Kerzel, 2013; Deubel, 2008; Deubel & Schneider, 1996 , 2003 Hoffman & Subramaniam, 1995; Kowler, Anderson, Dosher, & Blaser, 1995; Tibber, Grant, & Morgan, 2009; Wilder, Kowler, Schnitzer, Gersch, & Dosher, 2009 ). However, some attentional resources can also be allocated to non-saccade target locations during movement preparation (Castet, Jeanjean, Montagnini, Laugier, & Masson, 2006; Doré-Mazars, Pouget, & Beauvillain, 2004; Kowler et al., 1995; Moehler & Fiehler, 2014; Montagnini & Castet, 2007) .
Beyond attentional effects on perception, there is some evidence that movement performance is superior when perceptual and motor tasks are performed at the same location. For example, it has been found that saccades are more precise, more accurate, and initiated faster in spatially congruent compared to incongruent trials (Born et al., 2013; Kowler et al., 1995; Moehler & Fiehler, 2014) . Accordingly, when perceptual and motor tasks are performed at spatially distinct locations decrements are observed in perceptual and motor performance indicating the interdependence of attention, perception, and action.
The premotor theory of attention suggests a close coupling of attention and motor planning. Specifically, it states that each shift of covert attention is preceded by a saccade plan to the same location (Rizzolatti, Riggio, Dascola, & Umiltá, 1987; for critical http://dx.doi.org/10.1016/j.visres.2015.09.006 0042-6989/Ó 2015 Elsevier Ltd. All rights reserved.
reviews, see : Awh, Armstrong, & Moore, 2006; Smith & Schenk, 2012) . Evidence for this theory comes for example from studies investigating saccade curvature. Previous research provides evidence that saccades curve away from the locus of covert endogenous attention (for reviews, see Van der Stigchel, 2010; Van der Stigchel, Meeter, & Theeuwes, 2006) . This effect has been commonly explained by the suppression of one of two competing saccade plans, i.e., one to the covertly attended location and another one to the actual saccade target (suppression hypothesis: Sheliga, Riggio, & Rizzolatti, 1994 , 1995 population coding: McSorley, Haggard, & Walker, 2004; Tipper, Howard, & Houghton, 2000 ; for a more recent account, see Kruijne, Van der Stigchel, & Meeter, 2014) . However, the direction of saccade curvature seems to depend on saccade latency with short latency saccades (<200 ms) curving towards distractors and long latency saccades (>200 ms) curving away from them. It has been concluded that oculomotor inhibition initially needs time to gradually build up Mulckhuyse, van der Stigchel, & Theeuwes, 2009 ) and represents a rather short-lived process (Godijn & Theeuwes, 2004; McSorley et al., 2009; Theeuwes, Van der Stigchel, & Olivers, 2006) .
In the current study we aim to investigate the temporal characteristics of the short-lived oculomotor inhibitory process when covert attention is endogenously directed to a perceptual and a saccade target location in a dual-task paradigm. To this end, we follow up on a recent study which hypothesized that saccade curvature as a measure of oculomotor inhibition should decline with movement preparation time in sequential dual-tasks but remain stable in simultaneous dual-tasks (Moehler & Fiehler, 2014) . Evidence for the latter was reported by Moehler and Fiehler (2014) who found that saccades curved away from an attended non-saccade location where a perceptual task had to be performed during saccade preparation relative to a condition when the nonsaccade location was unattended and the perceptual task had to be performed at the saccade target location (simultaneous dualtask). Saccade curvature was unaffected by the time to prepare the saccade, i.e., irrespective of the time between saccade target cue and Go-signal, saccades curved away from the attended nonsaccade target location. These results indicate that the competition between two saccade plans (i.e., one to the covertly attended nonsaccade target location where the perceptual task is performed and one to the actual saccade target location) is still active as covert attention needs to be maintained at the discrimination target location throughout movement preparation time until the perceptual task is solved. Therefore, in the simultaneous dual-task the strength of oculomotor inhibition as indicated by the strength of saccade curvature should be independent of movement preparation time. Moehler and Fiehler (2014) suggested that the result pattern found in the simultaneous dual-task should differ from the one in sequential dual-tasks where the perceptual task is performed before the saccade task. In sequential dual-tasks, the incongruent saccade plan to the discrimination target location can be inhibited before saccade preparation starts and therefore, the competition between the two saccade plans should decrease with increasing time between the perceptual and the saccade task (Godijn & Theeuwes, 2004; McSorley et al., 2009; Theeuwes et al., 2006) . Specifically, oculomotor inhibition measured by saccade curvature should decline with increasing movement preparation time.
We tested these hypotheses by varying spatial congruency of the saccade and the perceptual target location as well as movement preparation time in a simultaneous and a sequential dualtask. In the classical simultaneous condition, participants perform the perceptual task shortly after the Go-signal to execute the saccade, i.e., during saccade preparation. In line with our previous findings (Moehler & Fiehler, 2014) , we expect saccades to curve away more strongly from the non-saccade location in incongruent (attended non-saccade location) relative to congruent trials (unattended non-saccade location) independent of movement preparation time. In contrast, in the sequential condition participants perform the perceptual task before the saccade task. We also expect saccades to curve away more strongly from the non-saccade location in incongruent relative to congruent trials, but this time saccade curvature should decline as a function of movement preparation time. This decline in saccade curvature is assumed to be specific to incongruent trials, as oculomotor inhibition should exclusively affect the saccade plan to the covertly attended non-saccade location when the perceptual and the saccade task do not spatially coincide.
Additionally, we want to replicate the effects of spatial congruency on perceptual and saccade performance in the simultaneous condition from our previous study (Moehler & Fiehler, 2014) . We expect discrimination performance to be superior in congruent than in incongruent trials due to the pre-saccadic perceptual facilitation effect. Furthermore, discrimination performance in incongruent trials should be above chance, as some attentional resources can be diverted from the saccade target and deployed to the incongruent non-saccade location. Regarding saccade parameters, we expect latencies to decline with increasing movement preparation time. Saccade accuracy and precision should be better in congruent than in incongruent trials due to interference effects of the two competing saccade plans. With respect to the sequential condition, we expect discrimination performance to be independent of spatial congruency and movement preparation time as the perceptual task is performed before the saccade task. Although we do not have explicit hypotheses about how spatial saccade parameters should be affected in the sequential condition, we performed exploratory analyses.
Experiment 1

Methods
Subjects
Fourteen right-handed participants with normal or correctedto-normal vision participated in the experiment. For their participation, they either received course credit or monetary compensation. Subjects (6 female) were between 21 and 31 years old (M = 24.1, SD = 2.8). Written informed consent approved by the local ethics committee was provided by each subject prior to participation. The experiment was performed in accordance with the Declaration of Helsinki (2008).
Apparatus
Participants sat at a table in a lit room with their head restrained by a chin rest. We presented visual stimuli on a 22 inch CRT monitor (refresh rate 85 Hz; screen resolution 1280 Â 960 pixels) which was placed 50 cm in front of the participant. Stimulus presentation was controlled by Presentation Ò (Version 16.3, www.neurobs.com). We recorded monocular movements of participants' right eye with a head mounted video-based EyeLink Ò II (SR Research, Mississauga, ON, Canada) at a sampling rate of 500 Hz. The eye tracker was calibrated using a 9 point calibration procedure before each block. An optoelectronic motion tracking system (Optotrak Ò Certus, Northern Digital Inc., Waterloo, ON, Canada) which registered a position marker placed on the right index finger recorded manual choice responses to the discrimination task with a sampling rate of 150 Hz.
Stimuli
We presented visual stimuli on a 50% grey background. Fixation cross (0.7°Â 0.7°) and colored arrows (width = 0.4°, height = 1°) were presented in the middle of the screen. Two character 8 s (width = 0.7°, height = 1°) served as possible target locations for the saccade and the discrimination task (eccentricity of 7°; at 10.30 and 13.30 o'clock). Distractors (characters 2 and 5) and discrimination targets (characters d, b, p, and q) had the same size as character 8 s. Visually presented response boxes (8.1°Â 8.1°) which framed magnified discrimination targets (width = 2.2°, height = 3.2°) were presented at the same screen locations (upper left, upper right, lower left, and lower right screen) at the end of each trial.
Procedure
We instructed participants that the saccade task was the primary task and the discrimination task was the secondary task. Furthermore, they had to perform the target-directed saccade as quickly, precisely, and accurately as possible.
A training session consisting of 96 trials was prepended before each experimental condition. The stimulus sequence for an exemplary trial in the simultaneous and the sequential condition is illustrated in Fig. 1 (size and color of stimuli and background color were partially changed for better illustration). The starting screen consisted of a fixation cross and two character 8 s. Participants had to fixate the fixation cross and press a button on the table to initiate each trial.
2.1.4.1. Simultaneous condition. When the subject pressed the button to start the trial a drift-correction was performed. After a delay (518 ms), the discrimination target (DT) cue replaced the fixation cross (518 ms) indicating the location of the discrimination task. After another delay (518 ms), the saccade target (ST) cue replaced the fixation cross indicating the saccade target location. Both tasks could coincide at the same location (congruent) or be spatially separated (incongruent). An audio Go-signal (80 ms) was presented 0, 100, 200, 300, 400, or 500 ms (SOA: movement preparation time) after the onset of the ST-cue and prompted participants to perform a saccade to the ST location. After the Go-signal the DT-cued character 8 changed to one of the discrimination targets (d, b, p, or q) for 94 ms and the remaining character 8 changed randomly to a distractor (character 2 or 5) for the same amount of time. Afterwards, distractor and discrimination target were masked by character 8 s (1012 ms). Then, a screen querying for the discrimination target appeared (1012 ms) followed by a response screen on which participants had to indicate the discrimination target by touching the adequate character with their right index finger ($2000 ms).
2.1.4.2. Sequential condition. In the sequential condition, the DT appeared between delay 1 and delay 2 after the DT-cue has been presented (see Fig. 1B ). Otherwise, the trial continued similar to the simultaneous condition.
Pseudorandom trial sequences were created for each participant. Participants performed 384 trials (two blocks of 192 trials; 32 replications per congruency and SOA) in each condition. The order of conditions was counterbalanced across subjects. Each ST and DT occurred with the same frequency in each SOA. In 50% of the trials, DT and ST were presented at the same location (congruent trials) counterbalanced across SOAs. Participants repeated excluded trials in separate sessions when 38 or more trials ($10%) were excluded per condition (simultaneous: 11 subjects; range 12-55%; sequential: 12 subjects; range 10-54%).
Data analysis
We used R (R Development Core Team, 2012, www.R-project. org) and MatLab R2013a (The Math Works Inc., Natick, MA) to analyze the data. Additionally, we used custom-made software written in MatLab for saccade parameterization (Koenig, 2010) . Eye movements were classified as saccades when their velocity outran 60°/s. Saccade start and end points were set at 15% peak velocity.
Only the first correct saccade in each trial was included in data analyses. A correct saccade was constituted by timing, onset, offset, and response criteria. Total movement time (latency plus duration) had to be longer than 160 ms and saccade latency shorter than 600 ms. The onset error of saccades had to be smaller than 3°. The offset error had to be smaller than 3°and smaller for the saccade target location than for the non-saccade location. Trials with ambiguous or no responses to the discrimination task were also excluded (in total: 711 trials, 6.6%). Additionally, we had to exclude saccades with total movement times shorter than 174 ms due to hardware problems causing a timing delay affecting the discrimination task (155 trials, 1.5%). Two trials were excluded as they contained a saccade between DT-cue and ST-cue in the sequential condition (0.02%). Curvature outliers, defined as values which were at least three standard deviations from the mean, were also excluded (52 trials, 0.5%). In total, 920 (8.6%) trials were excluded across participants. The remaining 9832 trials contained 51% congruent trials.
To test whether discrimination performance, saccade parameters, and saccade curvature were affected by the factors condition (simultaneous and sequential), spatial congruency (congruent and incongruent), and saccade preparation time (SOA: 0, 100, 200, 300, 400, and 500 ms), we conducted 2 Â 2 Â 6 repeated measures analyses of variance (RM-ANOVA). An alpha of .05 was chosen for the evaluation of statistical significance. When sphericity ascertained by Mauchly's test (Mauchly, 1940) in ANOVAs was violated, we used the Huynh-Feldt method (Huynh & Feldt, 1976) to correct the p-values. The generalized eta-squared (Bakeman, 2005) was used as a measure of effect size. We calculated two-sided paired-sample t-tests. Bonferroni correction was used to control for family-wise error rate.
2.1.5.1. Dependent variables. Fig. 2 exemplarily illustrates how we derived saccade endpoint errors and saccade curvature.
Discrimination performance was measured as correct responses in the discrimination task in percent.
Saccade latency was defined as the time in ms between the onset of the audio Go-signal and saccade onset.
Saccade endpoint error was defined as the mean of the distance between saccade offset and saccade target in degrees of visual angle.
Variability of saccade endpoint errors was defined as the standard deviation of the distance between saccade offset and saccade target in degrees of visual angle.
Saccade curvature was determined as the area enclosed by the saccade trajectory and a straight line running from the starting point to the endpoint of the saccade using a trapezoidal method (Ludwig & Gilchrist, 2002) . Saccades were normalized by dividing the area by the squared amplitude and multiplying this value by 100 (Koenig & Lachnit, 2011; Moehler & Fiehler, 2014) . Normalization of saccade curvature with amplitude measures is a common approach in studying saccade curvature (Koenig & Lachnit, 2011; Ludwig & Gilchrist, 2002; McSorley et al., 2004; . Normalized curvature was centered for each saccade target. Values for the left ST were mirrored to the right before calculating the mean. Negative and positive values refer to curvature towards and away from the non-saccade location. Absolute values of saccade curvature should be treated with caution as we centered curvature for each saccade target location. As saccades always show some curvature (Erkelens & Sloot, 1995; Viviani, Berthoz, & Tracey, 1977; Yarbus, 1967) , it is important to compare curvature between conditions, as comparing curvature in one condition to a curvature of zero might be easily confounded by biases. Here, we compared curvature in incongruent trials, i.e., when the non-saccade location should be attended, to curvature in congruent trials, i.e., when the saccade target location should be attended. Hence, we only interpret the relative difference in curvature between congruent and incongruent trials. Fig. 3 depicts discrimination performance as a function of condition, congruency, and movement preparation time. Discrimination performance was affected by congruency (F (1,13) = 10.80, p < .01, g 2 = .10). This main effect was modulated by an interaction between condition and congruency (F (1,13) = 13.16, p < .01, g 2 = .05). Separate ANOVAs showed that congruency affected discrimination performance in the simultaneous (F (1,13) = 12.66, p < .01, g 2 = .26) but not in the sequential condition (F (1,13) = 2.79, p = .12). In the simultaneous condition, discrimination performance was higher in congruent than in incongruent trials. Furthermore, performance in incongruent trials was above chance level (t (13) = 10.66, p < .001). We did not find further significant main effects or interactions (Fs < 4.44, ps > .05). Fig. 4 illustrates raw saccade trajectories from one example subject in the simultaneous and the sequential dual-task condition for the shortest and longest SOA in experiment 1 and the longest SOA in experiment 2. Saccades always started in an area close to the fixation cross and were clearly segregated between the left and right saccade target. A decline in saccade curvature with increasing movement preparation time can already be seen at the single subject level with saccades in incongruent trials (blue) curving stronger away from the non-saccade target than in congruent trials (red) for a SOA of 0 ms but less so for a SOAs of 500 ms or 1000 ms.
Results
Discrimination performance
Saccade parameters
Results for saccade parameters (latency, endpoint error, and variability of endpoint errors) are illustrated in Fig Post-hoc t-tests revealed that latencies were lower in the sequential compared to the simultaneous condition for SOA 400 (t 0(13) = À1.67, p = .72; t 100(13) = À0.04, p = .97 (uncorrected); t 200(13) = 2.20, p = .28; t 300(13) = 2.86, p = .08; t 400(13) = 3.26, p < .05; t 500(13) = 2.18, p = .29). No further main effects or interactions were significant (Fs < 3.51, ps > .05).
We found that saccade endpoint errors were influenced by con- strongly from the non-saccade location in the incongruent compared to the congruent trials. With respect to the effect of SOA, subsequent t-tests did not show any significant differences between different SOAs (ps > .17). The interaction between congruency and SOA was not significant (F (5,65) = 1.61, p = .17).
In the sequential condition, we found a main effect of congru- Results showed that the difference in curvature between congruent and incongruent trials (= curvature effect) remained over all SOAs (t 0(13) = À7.33, p < .001; t 100(13) = À5.57, p < .001; t 200(13) = À4.82, p < .01; t 300(13) = À4.55, p < .01; t 400(13) = À3.70, p < .05; t 500(13) = À4.55, p < .01). Hence, even for an SOA of 500 ms, saccades still curved away more strongly from the non-saccade target in incongruent relative to congruent trials.
Summary experiment 1
We found that discrimination performance was better in spatially congruent than in spatially incongruent trials during simultaneous dual-task performance while discrimination performance was unaffected by spatial congruency during sequential task performance. For saccade parameters, we observed that saccade latencies decreased with increasing movement preparation time; however, this decrease was slightly stronger in the sequential than in the simultaneous condition. Furthermore, we found that saccades were more accurate and more precise in congruent than in incongruent trials irrespective of the dual-task condition. We found that saccade curvature away from the nonsaccade location was greater in incongruent relative to congruent trials. Importantly, saccade curvature was unaffected by movement preparation time in the simultaneous dual-task. However, during sequential dual-task performance, we found that the curvature effect declined with increasing movement preparation time. This effect was specific to decreasing curvature in incongruent trials while curvature in congruent trials was unaffected by movement preparation time. However, saccades still curved away from the incongruent discrimination target location at a SOA of 500 ms.
Experiment 2
The aim of the second experiment was to investigate at which point of movement preparation time the curvature effect for incongruent trials vanishes. Therefore, we extended the SOAs to up to 1000 ms and investigated the influence of congruency and SOA on perceptual and saccade performance in the sequential dualtask condition in a new group of participants.
Methods
Subjects
Fifteen right-handed participants with normal or correctedto-normal vision participated in the second experiment. One subject was excluded due to a lack of understanding of the task. Participants either received course credit or monetary compensation. The remaining 14 participants (7 female) were between 19 and 31 years old (M = 25.5, SD = 3.5). Written informed consent approved by the local ethics committee was provided by each 
Apparatus and stimuli
We used the same stimuli and setup as in the first experiment.
Procedure
Participants performed 80 training trials. Afterwards, they underwent two experimental blocks, each consisting of 160 trials (32 replications per congruency and SOA). In contrast to the first experiment, we extended the SOAs (0, 250, 500, 750, and 1000 ms) and participants were tested in the sequential condition only. Subjects repeated excluded trials in a separate session when 32 or more trials ($10%) were excluded (6 subjects; range 11-58%).
Data analysis
We used the same analyses as in experiment 1. We excluded 309 (6.9%) trials due to violations of latency, onset, and offset criteria. Additionally, we excluded 28 trials (0.7%) due to the above mentioned hardware problems, 3 trials (0.07%) due to saccades during the period between DT-cue and ST-cue, and 27 trials (0.7%) as they exceeded three times the standard deviation around the mean curvature value. Totally, we excluded 367 trials (8.2%) leading to a remainder of 4113 trials with 50% congruent trials.
Results
Discrimination performance
Discrimination performance was not affected by congruency, SOA, or their interaction (all Fs < 1.87, all ps > .19). Results are shown in Fig. 6A. 
Saccade parameters
Findings on saccade parameters are illustrated in Fig. 6B -D. Additionally, raw saccade trajectories from one example subject for the longest SOA are depicted in Fig. 4B . For saccade latency, we found an effect of SOA indicating decreasing latencies with increasing SOAs (F (4,52) = 47.36, p < .001, g 2 = .53). Neither congruency (F (1,13) = 1.21, p = .29) nor the interaction between congruency and SOA influenced saccade latencies (F (4,52) = 1.97, p = .15).
We found that saccade endpoints were affected by congruency (F (1,13) = 10.87, p < .01, g 2 = .02). Saccades were more accurate in congruent than in incongruent trials. Neither SOA (F (4,52) = 1.27, p = .30) nor the interaction between congruency and SOA influenced saccade endpoints (F (4,52) = 2.19, p = .08).
Regarding the variability of saccade endpoint errors, we did not find any effects (Fs < 1.37, ps > .25).
Saccade curvature
Results are illustrated in Fig. 6E . Saccade curvature was influenced by congruency (F (1,13) = 17.94, p < .001, g 2 = .03), SOA (F (4,52) = 4.14, p < .05, g 2 = .01), and an interaction between congruency and SOA (F (4,52) = 9.16, p < .001, g 2 = .005). Therefore, we performed separate ANOVAs for congruent and incongruent trials. For congruent trials, the SOA had no impact on curvature (F (4,52) = 1.14, p = .34). In contrast, the SOA influenced saccade curvature in incongruent trials (F (4,52) = 6.87, p < .01, g 2 = .03).
Curvature in incongruent trials decreased with increasing SOA. Post-hoc t-tests revealed that saccades curved away from the non-saccade target location in incongruent relative to congruent trials for SOAs 0, 250, 500, and 750 ms (t 0(13) = À6.35, p < .001; t 250(13) = À3.52, p < .05; t 500(13) = À3.06, p < .05; t 750(13) = À3.58, p < .05). However, for the longest SOA, there was no significant difference between congruent and incongruent trials (t 1000(13) = À2.38, p = .17). This result demonstrates that after a delay of 1 s the curvature effect vanished.
Summary experiment 2
In accordance with the results from experiment 1, discrimination performance in the sequential task was not affected by congruency or SOA. Again, we found decreasing saccade latencies with increasing movement preparation time as well as more accurate saccades in congruent than in incongruent trials. In contrast to the results of experiment 1, we did not find any effects on saccade precision. More importantly, we replicated the effect on saccade curvature showing that the curvature decreased with increasing movement preparation time in incongruent trials while movement preparation time left saccade curvature unaffected in congruent trials. Furthermore, we could demonstrate that the difference in curvature between congruent and incongruent trials vanished after a movement preparation time of at least 1 s.
Discussion
In the current study we investigated how spatial congruency and movement preparation time influence perceptual and saccade performance in simultaneous and sequential dual-tasks. In particular, we examined whether and how saccade curvature depends on movement preparation time when a perceptual task is performed during or before saccade preparation. To this end, we varied the spatial congruency of a visual discrimination and a saccade task (i.e., both tasks coincided at the same location or not), the time to prepare the saccade (time between saccade target cue and Go-signal), and the timing of the perceptual task relative to the saccade task (perceptual task during the saccade task = simultaneous vs. before = sequential). We measured perceptual performance in the visual discrimination task and motor performance by evaluating multiple saccade parameters, i.e., latency, endpoint error, variability of endpoint errors, and curvature. Our main finding was that saccade curvature varied with congruency, movement preparation time, and dual-task condition. In general, saccades curved away from the covertly attended discrimination target location in incongruent compared to congruent trials. In the simultaneous dual-task, this effect was not modulated by movement preparation time. Importantly, in the sequential task, curvature away from the covertly attended non-saccade location decreased with increasing movement preparation time in incongruent trials while curvature in congruent trials was unaffected. This decrease in saccade curvature climaxed in the disappearance of the curvature effect for the longest SOA of 1000 ms.
Discrimination performance
We found that spatial congruency affected discrimination performance during simultaneous but not sequential dual-task performance. In the simultaneous condition, discrimination performance was better in congruent than in incongruent trials reflecting the pre-saccadic perceptual facilitation effect: saccade programming enhances visual processing at saccade target locations resulting in better perceptual performance at saccade target compared to non-saccade target locations (Deubel, 2008; Deubel & Schneider, 1996; Hoffman & Subramaniam, 1995; Kowler et al., 1995; Moehler & Fiehler, 2014) . Recent findings, however, suggest that the pre-saccadic perceptual facilitation effect might not be due to an increase in visual processing at the saccade target location but rather due to a suppression of visual processing at non-saccade locations related to saccade execution (Khan, Blohm, Pisella, & Munoz, 2015) . Therefore, it might be more appropriate to speak of decreased perceptual performance at non-saccade locations than enhanced perceptual performance at saccade locations. Furthermore, we replicated the previous finding that perceptual performance in incongruent trials is above chance indicating that attentional resources are not exclusively bound to the saccade target but can also be allocated to non-saccade locations during movement preparation (Born et al., 2013; Castet et al., 2006; Doré-Mazars et al., 2004; Kowler et al., 1995; Moehler & Fiehler, 2014; Montagnini & Castet, 2007) . In the sequential condition, discrimination performance was unaffected by congruency and movement preparation time. As the perceptual task was performed before the saccade task it resembles a simple covert attention task without participants knowing about the upcoming saccade target location. Therefore, spatial congruency represents an irrelevant factor for the perceptual task in the sequential condition.
In general, there is a variety of dual-task paradigms used to investigate perceptual performance during movement preparation. As studies differ in the cueing and timing of events, results are not completely comparable. One important aspect is the time between the presentation of the discrimination target cue and the discrimination target itself. It has been shown that attentional performance at saccade as well as non-saccade locations increases monotonically with cue-to-target onset asynchronies of 150-200 ms and saturates around 200 ms after cue onset (Castet et al., 2006) . Our experimental design does not allow capturing the dynamic temporal allocation of attention to saccade and nonsaccade location shortly after the cue. We used rather long cueing duration ($1100-1600 ms from discrimination target cue onset to discrimination task onset) in order to achieve a stable deployment of covert attention to the cued location and to compare our results to studies with similar timing parameters (Deubel & Schneider, 2003; Moehler & Fiehler, 2014 ). For dual-task paradigms with such long cueing durations, Castet et al. (2006) concluded that attention is optimally deployed to the cued discrimination target location.
Saccade performance
Beyond perceptual facilitation effects, it has been demonstrated that attention also influences selection-for-action and movement planning. In particular, attention enhances the transformation and integration of visuospatial coordinates of a target location into an adequate movement plan (Allport, 1987; Neumann, 1987; Schneider, 1995) . Accordingly, temporal and spatial movement characteristics can be impaired when covert attention is oriented away from the saccade target during movement preparation (Born et al., 2013; Castiello, 1996; Kowler et al., 1995; Moehler & Fiehler, 2014) . Such impairment has been attributed to competition between multiple attended locations causing interference effects during movement planning.
Saccade latency
In line with our previous findings (Moehler & Fiehler, 2014) , we found that saccade latency varied with movement preparation time. Latencies decreased with increasing movement preparation time showing a slightly stronger decrease in the sequential than in the simultaneous condition. The latter effect might be caused by a higher amount of free resources at the time of saccade preparation as the perceptual task occurring prior to the saccade task has been already solved.
Saccade accuracy and precision
In the first experiment, we found that saccades were less accurate and less precise in incongruent compared to congruent trials. This effect was independent of the dual-task condition. In the second experiment (sequential condition only), we found a similar impairment of saccade accuracy depending on congruency; however, saccade precision remained unaffected. Deteriorated spatial saccade performance in spatially incongruent than congruent trials has also been reported in previous studies using simultaneous dual-tasks (Born et al., 2013; Kowler et al., 1995; Moehler & Fiehler, 2014) . These results suggest that deliberately allocating covert attention away from the saccade target during movement preparation results in decreased accuracy and precision of the target-directed saccade due to interfering saccade plans during saccade target selection. Our findings on saccade parameters during the sequential dual-task further show that accuracy and precision of saccades were impaired even when covert attention has been oriented away from the saccade goal before the saccade task. However, this effect weakened with extended movement preparation times in the second experiment. On the one hand, congruency did no longer affect saccade precision and on the other hand, the effect of congruency on saccade accuracy was marginally reduced for longer movement preparation times (see Fig. 6C ). Impaired spatial saccade performance in the sequential condition suggests that the recent saccade plan to the incongruent discrimination target location can still interfere with the actual saccade plan to the saccade target location despite the temporal delay between the perceptual and motor task.
Curvature
Our main research question was to investigate how saccade curvature as a measure of oculomotor inhibition depends on spatial congruency and movement preparation time in simultaneous vs. sequential dual-task conditions. We hypothesized that curvature away would be primarily influenced by congruency in the simultaneous dual-task. In the sequential dual-task, we expected curvature away to decrease -specifically in incongruent trialswith increasing movement preparation time. In general, we found that saccade curvature was influenced by spatial congruency, movement preparation time, and dual-task condition.
In the simultaneous condition, saccades curved away from the discrimination target location in spatially incongruent relative to congruent trials. This result supports previous evidence on the relationship of endogenous covert attention and saccade curvature with saccades curving away from the locus of covert attention (Sheliga et al., 1994 (Sheliga et al., , 1995 Van der Stigchel & Theeuwes, 2005 . Importantly, this effect was independent of movement preparation time, as we demonstrated in an earlier study using a similar paradigm (Moehler & Fiehler, 2014) . We proposed that the competing saccade plan to the incongruent discrimination target location is inhibited after the discrimination task. In the simultaneous condition, the discrimination task has to be solved during movement preparation; hence, attention allocated to the incongruent discrimination target location needs to be maintained throughout movement preparation time until the discrimination task is solved. In conclusion, as saccade curvature did not vary with movement preparation time oculomotor inhibition to the competing saccade plan is sustained in simultaneous dual-tasks.
In the sequential condition, we indeed found that saccade curvature decreased with increasing movement preparation time. This interaction was due to a decline of curvature in incongruent trials with increasing movement preparation time while curvature in congruent trials was unaffected. However, even after 500 ms of movement preparation time, we still found saccades curving away from the previously attended non-saccade location. When we extended the movement preparation time to up to 1000 ms the curvature effect further declined until it disappeared. In contrast to the simultaneous condition, attention does not need to be maintained at the spatially incongruent discrimination target location throughout movement preparation time because the perceptual task is solved before the saccade task. Hence, saccade curvature in the sequential condition reflects different strengths of inhibitory activity depending on movement preparation time. If there is no time to prepare the saccade (SOA = 0 ms), inhibition at the nonsaccade target is still active as a result from the prior discrimination task leading to saccades curving away from the incongruent location. Our finding is in line with previous reports on sequential dual-tasks showing that saccades initiated immediately after the saccade target has been cued (i.e., without additional movement preparation time) consistently curved away from the attended non-saccade location (Van der Stigchel & Theeuwes, 2005) . Extending this finding, here we demonstrate that saccade curvature decreases with increasing movement preparation time indicating that oculomotor inhibition applied to the competing saccade plan gradually declines with time. Previous research on saccade curvature in relation to inhibition of return (IOR) and exogenous attention found a similar time-course of oculomotor inhibition with saccades curving away at short SOAs (100 ms) and the disappearance of the curvature effect at long SOAs (800 ms) (Godijn & Theeuwes, 2004; ). In comparison with these studies, our results on saccade curvature suggest that inhibition takes longer to fade away with endogenous than exogenous attention.
For the sequential dual-task, we can speculate that the saccade plan can either be inhibited immediately after the discrimination task or after the presentation of the saccade target cue when uncertainty about the actual saccade target is resolved. As a consequence of the first option, a new saccade plan has to be established after the completion of the discrimination task and thus, saccade latencies should not differ between congruent and incongruent trials. Following the second option, the saccade plan needs to be maintained until the saccade target is specified resulting in an advantage in congruent trials (as the plan is already established) and a disadvantage in incongruent trials (cancellation and re-planning). Therefore, saccades should be initiated faster when the correct plan already exists and slower when the plan is incorrect and needs to be cancelled and re-planned. As we did not observe any latency differences between congruent and incongruent trials in both experiments, our data point to the first option.
Previous research on the temporal coding of oculomotor inhibition in relation to saccade curvature showed a transition of curvature towards non-saccade target locations for short latency saccades (<200 ms) to curvature away for long latency saccades (>200 ms) (McSorley et al., , 2009 Mulckhuyse et al., 2009 ). This transition has been attributed to the build-up of oculomotor inhibition. There are two main reasons why we do not find curvature towards or a transition from curvature towards to curvature away in the current study. First, the current study investigated endogenously cued saccades which tend to have longer latencies than exogenously triggered saccades (Walker, Walker, Husain, & Kennard, 2000) . Second, dual-task studies with a perceptual task shortly after a Go-signal excluded short latency saccades as subject are not supposed to foveate the discrimination target but perform the discrimination task by covertly attending the cued location. Therefore, it is unlikely to find curvature towards or a transition from curvature towards to curvature away as the distribution of saccade latencies is shifted towards longer latencies.
Conclusions
In this study, we found that impaired perceptual performance goes hand in hand with impaired spatial saccade parameters (accuracy and precision) in simultaneous dual-tasks. Additionally, we observed that spatial saccade parameters were also impaired when endogenous covert attention was allocated to a spatially incongruent discrimination target location shortly before saccade preparation, i.e., in sequential dual-tasks. However, this effect weakened with longer movement preparation times. Our findings on saccade curvature indicate that a competing saccade plan to a spatially incongruent non-saccade location is maintained throughout movement preparation time in simultaneous dual-tasks reflected by saccade curvature away from the spatially incongruent non-saccade location independent of movement preparation time. In contrast, in sequential dual-tasks, the competing saccade plan can be inhibited prior to the saccade task reflected by decreasing saccade curvature away from the spatially incongruent non-saccade location with increasing movement preparation time indicating a decline in oculomotor inhibition.
